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Objectives

* Improve understanding of stack operation throwgimbination of modeling and
experiments that include:
— Two-phase (gas, liquid water)fluid transport under simulated fuel cell conditions.
— Stack operation on dilute hydrogen and reformate (no contaminants including CO)
— Temperature distributions in stack during air addition

Approach

» Understand?EM fuel cell stack design options arttie influence ofsuch options on
fuel cell stack performance.

» Understand options for improving fuel cell stack performance.

Accomplishments

* Initial experiments which visualize 2-phase under simulated stack conditions have been
completed.

» The 2-D LANL stack engineering fuekll modelhasbeen expanded toow include
anode kineticgor the oxidation othydrogen under a wideariety of testconditions.
Experimental results are compared to predictions.

Future Directions

* Integrate the2-phase flow results with resultesmanatingfrom segmenteatlectrode
test fixtures to better understand flow field effects.

» Develop a range of advancedagnosticsthat lead tounderstanding transienthree
dimensional performance in operating PEM stacks.

Introduction

This report describes FY98 technical progress ondeleperformancediagnostics.
These efforts included both advanced measurementseahdncement in modeling
capability. The objective of théwo dimensional modeling activity is to predict MEA
performance under a wider range of operatogditions.Earlier most modelingactivity
assumed rapid kinetics on the anode electlager, with mosiperformancdoss atthe air
electrode. This often is nthhe casevhen operating with reformatéuels. Actual stack
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performance at times will bewer than predicted bthe 2-D model. Someperformance
loss may result inadequate gas distribution in the flow fields, for example.

Two Phase Flow Visualization

Fuel cell developers have explored many diffeteahnicalapproaches tachieve
uniform, controlled gas distribution acrosthe reacting electrodi&yer. PEM fuel cell
operation necessarily involves/o phasewater conditions, andiquid water is able to
influence flow dynamics. Consequently one emphasias to observefundamental
properties of the two phase flow condition. A flewgualization test fixturavas designed
to replicatesome ofthe conditiongflow field design,steam and liquid wateitow rates,
reactant gas flow rates, temperature, pressure) experienced during actual fuel cell operation.
This fixture was designed fgermit observation othe interaction ofwo-phase flow upon
the degree oflow uniformity acrossthe surface.Cell layout isshown schematically in
Figure 1.

Considerable effortivas made tofind materials that couldesult in a credible
visualization experimentifter detailedconsultation with Energy Partnerseading to a
design of the visualization tesfixture, a commercialwater permeable polymdreverse
osmosis)membranavas selected thaprovidedthe anticipated wateitux rate to simulate
water production of an 1 A/Coperating fuel cellThe experiment utilized specifibow
fields made from transparent materials which wereomactwith the polymemembrane.
(These components were supplied by Endegytners.)With the flow channels in a
horizontal orientation, experiments were performed with an air flow rate corresponding to a
stoichiometry between 2 to 3 withpgki pressure drop at 30 ft/s flovelocity across the
flow field. Slug or plug flow washot observed Annular flow was observed withvater
flowing as athin sheet along thevalls while gasoccupied the center of tlehannel. This
was not ananticipatedresult andsuggestghat evernunder these modefibw conditions,
liquid water andreactantgasescan move at differenvelocities. No channel blocking
(stagnant liquid water) was observed.

These observations were compared literature correlationwhich have beenmade

describing two phas#ow. For horizontal flow, Baker (1954) predicted thatwave to

annularflow will occur. Acorrelation byTaitel (1976) showedhat anannular-dispersed
liquid regime should exist. In that case liquid is predicted to occupy 10 to 15%arbdse

sectional area. For vertical flow the upward direction, a frothy thim flow is predicted

by Govier et al (1957)Finally under microg-ravityconditions, applicable for space

operation, a frothy liquid or annular type flow is again predicted (Zhoa, 1993).

LANL Stack Diagnostics 2



Transparent Cover Plate
I/
/ : Gasket
and Pressure
Chamber
% ~

Transparent Flow Field
Under Test

Ultrafiltration
Membrane

— Backing Layers

N Water Distributor
Plate

Figure 1. Expanded view of flowisualization hardwardor studyingwater removal
parameters. Liquid water is pumped irtee “water distributiorplate” and through the
“ultrafiltration membrane” where is enters unifornalgrossthe flow plane. Gaseare fed
into the transpareritow field and the resultingjow is observed througthe “transparent
cover plate”. Varying thepressure inthe water distributor plate mimics the current
density—more of less product water is produced perarsé. Steam can be added to the
reactant gas to account for operation with humidified reactants.

Flow field options include serpentine, inter-digitated, parallel grooveparaus flowfield
designs.The combination of a segmented electradéh a flow visualization cell may
prove mostbeneficial in exploringflow regimes on a case by cabasis, electronic
although conduction features are required when working with actual fuel cells.

Mathematical Analysis of Fuel Cell Operation

The 2-D model presentgateviously as part ahe Fuel Cell Engineering research
included transport of botteactantgases andvater, aswell as ionic conductivity of the
cathode catalyst layer amdembrane.The model isbased upon firsprinciples utilizing
parameter values derived from independenirces and measuremeniihe latestversion
of the through-the-electrode component of the model is illustrated in Figure 2.
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Figure 2.Schematic of through-the-electrodeREompénents of thenibBel. The fuel cell
zone is segmented into 6 layers, frém anode to cathodede. The two cathodeporous
layers allow for separate treatment of an “inner” water saturated layer and an outer layer.
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The 2-D modehlso calculateschanges ilMEA performance in thélow direction
(“along the channel”, but more correctly imegions of variousreactant utilization
conditions) by accountinfpr changes in gas composition from consumption of reactants,
water production, andwater transport througithe MEA. Recently we added dynamic
features of an novel anode catalyst laydrich include gas transportjonic resistance
within the layer and hydrogen oxidation kinetics botlthie presence and absence of ,CO
Poisoning from CO andther adsorbates along with discreteemicalprocessing within
the anode compartment will be added subsequently.

The modelwas validated utilizing data obtained on a thin film catalyst layer of
supported platinurhThe exchange current density for hydrogen oxidatias adjusted to
2,000 A/lcm? at 22C to match theD.05 volt overpotential reported previously in the
literature observed under pure hydrogen condititfedel predictions areshown forpure
hydrogen and hydrogen diluted with 25% Q@here it is assumed that 80%tbé catalyst
surface area is covered with a “reduced, C8pecies. Finally, CQadsorption is turned
off to simulate the effects of 2% air addition. While the madsllts tend tgredict better
performance tharobservedexperimentallywhen pure H is investigatedthe relative
predicted performance adequately reflectsaibgervedexperimental trend—this approach
tends to affordexcellent predictabilityThus, with the given electrodeonfiguration, a
decrease in electrode performance may be attributed to formation of a “redugeéd CO
species.
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Figure 3. Hair PEFC polarization curves ftin film Pt electrodewith 0.14 mg Pt/crh
Curvesare predictiongor 100% H, 25% CQ and 25% COQwith adsorption dynamics

turned off?

Others(Zawodzinski, et al., dtANL mid-year review) reportedcell performance
with Pt-Ru alloy catalyst on reformate without any addé®. The thesis wasthat
decreased performance on reformatsults from insufficienthumidification of the
reformate gas stream. This wsimulatedassuminghe anode humidifier operated af@0
and resulted in 60%H. A comparison between the experimental and predieedlts is
illustrated in Figure 4.
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Figure 4. Simulated reformate (&D) / air performance: 50 ¢éneell, Nafion1135, 80C
cell, assuming 8C humidifier temperature, Anode: Type vith 0.5 mg PM/cm
H,/N,/CO, 40/35/20%, Cathode: 0.3 mg/gm/C Stoichiometry 1.5/2.0 at 1.4 A/ém

Since it was previously showrthat a Pt-Ru catalyst can eliminate theffectsCQ
adsorptioA this performance lossiechanisnwasturned off duringthe simulation. Thus
the decrease in performance may be attributed primarily to dehydration eftbctmly a
minor dilution effect.

This mathematicatool canalso describéhe impact of electrodstructure under
observeduel cell performance. For examplie performance of a Ballard Mark 5 stack
was simulatedwhen operated withhydrogen feedliluted with nitrogen. The stack was
modeledassumingonic conductivity of the electrodessults fromthe incorporation of 6
wt% ionomer within the anode electroldger. Based upon extensive, previ@xperience
with membrane humidifiers, stack humidification was set to be a function of gas flow rate.
In this case as well, the model adequately predicts perform@fitethis type ofelectrode
structure, hydrogen dilution results in increading anode overpotentiaFFigure 6shows
that the predicted local curredénsity forthe anode catalyst layer is significantly different
for threecases givermbove. Inthe Ballardanode,inadequate ionic conductivity confines
the oxidation reaction tonly thatregion close to thenembrane. In a thifilm anode, a
larger fraction of the anode &ctive with for neathydrogen oxidation. However under
reformate conditions diluted witB5% CO, kinetic resistance dominatesd results in
nearly uniform current distribution throughout the electrode layer thickness.
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Figure 5. Effect of hydrogendilution in a Ballard stack: 8C, A/C 3 atm, AIC
Stoichiometry 1.2/2.5, 4 mg Pt black catalyst per electrode.
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Figure 6. Distribution of local current density througlke anode catalyst lay#rickness in
the condition of reformate dilution (25% QO
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